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1. Introduction 
Recently, by the advance of IT (information technology), the IT control charts have been 
paid attention and been used in quality management information system, for not only 
putting quality into products at the production stage but also improving communication 
between management and manufacturing [1], [2]. Because the high quality, low cost and 
short delivery time are demand from customer, delivery to the multi-item small-sized 
production, the reduction of delivery time is emphasized. For those needs, developing the 
methods and designs of control chart suitable for today's work situations (For example, 
short delivery time process.) become a new problem for manager, which is also one research 
theme of control chart practical applications study group of JSQC [3]. 
The classical definitions of the control chart’s PDCA (Plan, Do, Check and Act) procedures 
are known. Recently, the evaluation of the economy of this control chart’s PDCA procedures 
is connected with "daily management". 
By investigating literature cases in the activities of control chart practical applications study 
group, it is recognized that the act procedure is the most important in the procedures of 
PDCA of control chart [4]. Because the systematic investigations of control chart's PDCA 
design was not done in the works before, Sun, Tsubaki and Matsui defined and considered 
the PDCA designs based on the x  control chart [5] and P control chart [6], respectively. In 
addition, the PDCA design of the x  control chart with tardiness penalty is investigated [7]. 
However, the ACT time was not considered in above researches. 
In this research, first a design of the x  control chart is presented and its mathematical 
formulations are shown. Then, the presented design based on the judgment rules of JIS Z 
9021 [8], [9] is studied, finally, by numerically consideration using the data from real 
situation, the relations of key parameters and delivery time and the total expectation cost are 
discussed.  
2. The design 
When the control chart is used in short delivery time processes, the penalties for delay of the 
delivery time should be imposed. In this research, the PDCA design is set up based on the 
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case which starts from deciding the control lines of the x  control chart, in which the 
penalties for delay of the delivery time (T) have been considered.  
The evaluation function of this research is the expected total cost per unit time as follows: 
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The definition of the procedures of the PDCA design and the cost elements of equation (1) 
are explained in Table 1. 
The time variables used in the design of this research are defined by Figure 1. 
 
 
Procedure Difinition Element of cost (per unit time)
PLAN Constructs control lines of control chart.
Cp=Cp(p)+Cp(pe)                                                   
Cp(p)    cost of PLAN                                            
Cp(pe)   cost of the penalty for delaying the PLAN        
DO
Samples and plots on control chart for monitoring 
the process.
Cd=Cd(d)+Cd(pe)                                                   
Cd(d)     cost of DO                                                
Cd(pe)   cost of the penalty for delaying the DO            
CHECK
Examines whether the points plotted on control 
chart are beyond the upper and lower control 
limits.
Cc=Cc(c)+Cc(e)+Cc(pe)                                          
Cc(c)     cost of CHECK                                           
Cp(p)     cost of type I error                                     
Cp(pe)   cost of the penalty for delaying the CHECK    
ACT Investigate the assignable cause and correct it.  
Ca=Ca(a)+Ca(pe)                                                   
Ca(a)     cost of ACT                                              
Ca(pe)   cost of the penalty for delaying the ACT           
 
 
Table 1. The definition and the cost elements of the design 
Figure 1 shows some of the time variables used in the design of this research. At the start of 
the PDCA design, PLAN for deciding the control lines is made in Tp time. Therefore, it is 
thought that the PDCA model starts from the in-control state, 
because the process is managed by these control lines. Let the process start at the point of Q, 
and let S be the point in time at which the quality characteristic shifts to an out-of-control 
state as shown in Figure 1. An assignable cause is detected at the point of C, and then 
corrected at the point of D. Here, the random variables I1 and O1 represent the interval from 
Q to S and the interval from S to C. 
The assumptions of the design in this research are as follows: 
1. The delivery time is short, and the process is repetitive. 
2. The quality shift occurs in the middle of an interval between samples [10] 
In this research, both the random variables I1 and O1 are assumed to be independently and 
exponentially distributed with mean 11
−λ , 11−μ , then (1) is 
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Fig. 1. Some of time variables used in the design 
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Where 
 ȝ 11 (1 / 1) /2 (1 / 1 /2).− = − + = −a av P v v P   (3) 
3. Numerical experiments 
A. Explanation of parameters from a real situation 
The parameters used in this research are from A company, which is based on a real 
situation. Where c0=50，c1=40，c2=100, c3=2000, c4=8000, acβ = pcβ = dcβ =1000000, 
ccβ =1000000, v=1day, f’=20, 1φ =0.01, 2φ =0.001,1/λ1=10days, δ=1, k=3.0, a=0.083 day. The 
notation used is as follows: 
n           the sample size per each sampling  
v           the sampling interval  
T           delivery time 
Tp          the interval of PLAN 
c0           fixed sampling cost  
c1           variable sampling cost 
c2            cost of per unit time for checking the point plotted 
c3           cost of a false alarm  
c4           cost of restoring an in-control state 
pcβ         cost of per unit time for penalties delay of PLAN 
dcβ         cost of per unit time for penalties delay of DO 
ccβ         cost of per unit time for penalties delay of CHECK (penalties for sending the mistake 
information) 
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acβ       cost of per unit time for penalties delay of ACT 
f’          number of samples taken during T-Tp 
δ           size of the quality shift in the mean 
a           the ACT time 
k           control limits width  
In this research, the outside dimension of molding plate is a key quality characteristic. The 
difference between the outside dimension and set value is plotted on the x  control chart. 
B. Investigations based on the judgment rules of JIS Z 9021 
In the production process, the power (Pa) is different depending on the kind of the 
judgment rule. In this section, the presented design is considered based on the rule 1 (3σ 
rule) and rule 2 (9 ARL rule) of JIS Z 9021. Because sample size n is not only an influence 
element to test but also an important parameter of cost, at first, the two judgment rules are 
studied by the change of n. 
From Figure 2, it can be noted that the Pa by the two rules increases with the increase of 
sample size n, and the speed of increase of 9 ARL rule is faster. 
Next, the design based on the two judgment rules is studied by the change of n. From Figure 
3, it can be note that when n is small, the expected total cost Ct of 9 ARL rule is cheaper.  
From Figure 3, it also can be note that the expected total cost Ct of 3σ rule is the cheapest 
when n is five. This result is corresponding to the sampling size actually used in A 
company. Therefore, it could be said that the presented design is applicability. 
C. Investigations of the relations between the power and delivery time and the total 
expectation cost 
From Figure 4, it can be understand that the expected total cost per unit time (Ct) decreases 
with the increase of the power (Pa). This is because that the cost of defective goods decreases 
by the increase of the power (Pa). 
 
 
Fig. 2. Power by the two rules 
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Fig. 3. Investigating the design by the two rules 
 
 
Fig. 4. The relation between Pa, T and Ct 
From Figure 4, it also can be understand that a longer delivery time should be set when the 
higher power for higher quality is demanded; while a shorter delivery time should be set 
when the low power for not higher quality is demanded. 
In addition, to understand a more detailed setting, Table 2 is shown, which is based on the 
case of A company. The axis of ordinate and abscissas are Pa and T. 
From Tables 2, it can be understood that this tables are divided into two areas: in the 
colourlessness area, a longer delivery time should be set for the higher power (higher 
quality) being demanded; in the Blue area, a shorter delivery time should be set for the low 
power (not higher quality) being demanded. 
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Table 2. The balance of Pa, T and Ct 
From Tables 2, it also can be understood that how much total expectation cost should be 
paid by the different power, when the delivery time is strictly demanded; how much total 
expectation cost should be paid by different delivery time, when the power of process is 
strictly demanded. Because Table 2 shows the relation (concrete value) of power, the 
delivery date and the total expectation cost, it would become a reference for business plan. 
D. The balance of k, T and Ct  
In this section, we study the relations between the delivery time and ACT time and the total 
expectation cost, then we investigate the balance of control limits width (k) and delivery 
time (T) and the total expectation cost (Ct) by numerically analyzing the above design. 
Where, c0=1，c1=0.1，c2=10, c3=50, c4=25, acβ = pcβ = dcβ =200, ccβ =2400, n1=4, v1=0.0316, 
Tp=1, 1φ =0.01, 2φ =0.001, λ1=1.  
Table 3 show the balance of the quality (control limits width) and delivery time and the total 
expectation cost of the above case, which is useful for setting the optimal delivery time and 
control limits width to the supplier. 
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Table 3. The balance of k, T and Ct 
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From Table 3, it can be understood that this tables are divided into two areas by the changed 
control limits width: in the colorlessness area, the expected total cost per unit time (Ct) 
increases with the increase of delivery time (T); in the blue area, the expected total cost per 
unit time (Ct) decreases with the increase of delivery time (T). 
From Table 3 and Figure 5, it can be noted that the expected total cost per unit time (Ct) 
increases with the increase of control limits width (k). This is because that the cost of 
defective goods increases by the increase of control limits width. 
 
 
Fig. 5. The relation between k and Ct (T=2, T=5). 
 
Fig. 6. The relation between T, k and Ct. 
From Table 3, it also can be understand that a longer delivery time should be set when the 
high quality (when k is small) is demanded, while a shorter delivery time should be set 
when the low quality is demanded from an economic aspect. 
In addition, to clarify it more, we also show the Figure 6 which is the same as the case of 
Table 3. 
Ct(T=2)>Ct(T=5) Ct(T=2)<Ct(T=5) 
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Table 4. The balance of a, T and Ct 
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E. The relation between T, a and Ct 
 
 
Fig. 7. The relation between a and Ct (T=2, T=10) 
 
Fig. 8. The relation between T, a and Ct 
Figure 7 show the relation between the delivery time and ACT time and the total expectation 
cost, which is useful for setting the optimal delivery time and ACT time to the supplier. 
From Figure 7, it can be understood that this tables are divided into two areas by the 
changed ACT time: in the colorlessness area, the expected total cost per unit time (Ct) 
increases with the increase of delivery time (T); in the blue area, the expected total cost per 
unit time (Ct) decreases with the increase of delivery time (T). 
From Figure 7 and Table 5, it can be noted that the expected total cost per unit time (Ct) 
increases with the increase of Act time (a). This is because that the cost of defective goods 
increases by the increase of ACT time. Also it can be understand that a longer delivery time 
should be set when the ACT time is long, while a shorter delivery time should be set when 
the ACT time is short from an economic aspect. 
In addition, to clarify it more, we also show the Figure 8 which is the same as the case of 
Figure 7. 
Ct(T=2)>Ct(T=10) 
 
Ct(T=2)<Ct(T=10) 
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4. Conclusions 
In this research, from an economic viewpoint, a design of the x  control chart is analyzed for 
quality management information system used in short delivery time processes.  
Because of competition in markets, studying the balance of quality and the delivery time 
and cost has become a new problem to manager. To resolve this problem, the mathematical 
formulations which correspond to this design were shown, and then by numerically 
consideration using the data from real situation, the relations of the power of process and 
delivery time and the total expectation cost, the balance of quality (control limits width) and 
delivery time and the total expectation cost, the relations between the delivery time, ACT 
time and the total expectation cost are discussed, respectively. Moreover, the presented 
design based on the judgment rules of JIS Z 9021 was studied.  
Some comments are drawn as follows, which would become useful references for setting the 
optimal delivery time, ACT time and the power of process to manager. 
1. The expected total cost per unit time decreases with the increase of the power of process. 
2. The power by the two rules (3σ rule and 9 ARL rule) increases with the increase of 
sample size n, and the speed of increase of 9 ARL rule is faster. 
3. A longer delivery time should be set when the higher power for higher quality is 
demanded from an economic aspect. 
4. A longer delivery time should be set when the ACT time is long, from an economic aspect. 
5. References 
[1] K. Amasaka, ed., “Manufacturing Fundamentals: The Application of Intelligence Control 
Chart- Digital Engineering for Superior Quality Assurance”, Japanese Standards 
Association , 2003 (in Japanese). 
[2] Y. Kanuma, and Y. Suzuki, and T. Kamagata, “Application and Efficiency of FDAS for 
Strengthening Real Working Front Ability”, Proceedings on the 37st Research 
Conference of Japanese Society for Quality Control, pp.161-164, 2007 (in Japanese). 
[3] Y. Ando, “An activity report of ‘control chart practical applications study group’ in 
JSQC”, Proceedings on the 5th ANQ Quality Congress, 2007. 
[4] S. Yasui, “On key factors for effective process control based on control charts through 
investigating literature cases”, Proceedings on the 37st Research Conference of Japanese 
Society for Quality Control, pp.169-172, 2007 (in Japanese). 
[5] J. Sun, M. Tsubaki and M. Matsui, “The comparisons between two quality control cycles-when 
the time of in-control and time of out-of-control is independent”, Proceedings on the 31st 
Research Conference of Japanese Society for Quality Control, pp.227-230, 2003 (in Japanese). 
[6] J. Sun, M. Tsubaki and M. Matsui, “Economic considerations in CAPD Model of P 
Control Chart for Quality Improvement”, International Conference on Quality ’05-
Tokyo Proceedings, pp.VI-10, 2005. 
[7] J. Sun, M. Tsubaki and M. Matsui, “Economic Models of x  Chart with Tardiness Penalty 
in Finite Due Time Processes,” Journal of Japan Industrial management Association, (in 
Japanese), vol. 57, no.5, pp.374-387, 2006. 
[8] Japanese Industrial Standards Committee (1998): “JIS Z 9021: The Shewhart Control Chart”, 
Japanese Standards Association (in Japanese). 
[9] Y. Katou, “Verification of judgment rules of Shewhart control chart (JIS Z 9021)”, 
Proceedings on the 37st Research Conference of Japanese Society for Quality Control, 
pp.165-168, 2007 (in Japanese). 
[10] S. P. Ladany and D. N.Bedi, “Selection of the Optimal Setup Policy,” Naval research 
Logistics Quarterly, vol. 23, pp.219-233, 1976. 
www.intechopen.com
Process Management
Edited by Maria Pomffyova
ISBN 978-953-307-085-8
Hard cover, 338 pages
Publisher InTech
Published online 01, April, 2010
Published in print edition April, 2010
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
The content of the book has been structured into four technical research sections with total of 18 chapters
written by well recognized researchers worldwide. These sections are: 1. process and performance
management and their measurement methods, 2. management of manufacturing processes with the aim to be
quickly adaptable after real situation demands and their control, 3. quality management information and
communication systems, their integration and risk management, 4. management processes of healthcare and
water, construction and demolition waste problems and integration of environmental processes into
management decisions.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Jing Sun (2010). A Design for Quality Management Information System in Short Delivery Time Processes,
Process Management, Maria Pomffyova (Ed.), ISBN: 978-953-307-085-8, InTech, Available from:
http://www.intechopen.com/books/process-management/a-design-for-quality-management-information-
system-in-short-delivery-time-processes
© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and
derivative works building on this content are distributed under the same
license.
